Abstract. We present a spectroscopic study of early type emission line stars in the field of the young open SMC cluster NGC 330 which have been identified as Be stars by CCD imaging photometry by Grebel et al. (1992) . 18 of the 20 program stars investigated can be confirmed to show Balmer emission lines superimposed on an early type spectrum. Two new Be stars in the field of NGC 330 have been detected. Hα emission equivalent width, FWHM and profile shapes (as far as resolved) do not differ from galactic Be stars, hence we suggest that rotation axis of Be stars in NGC 330 are not aligned, rather they are distributed randomly. Quantitative spectral analysis for Be40 and Be59 results in T eff = 18 000 ± 1 500 K, log g = 3.3 ± 0.2 and T eff = 17 000 ± 1 500 K, log g = 3.1 ± 0.2 respectively.
Introduction
About 10-20% of all galactic B-type stars with luminosity class III-V once showed Hα in emission and have therefore been classified as Be stars. The hydrogen, He i and singly ionized metallic emission lines originate in a circumstellar gaseous quasiKeplerian disk. The formation of the rotating disk is associated with episodic mass-loss events, however the Be star mass-loss mechanism is not yet known. Low resolution (e.g. Dachs et al. 1986 ) as well as high resolution spectroscopy of individual emission lines (e.g. Hanuschik et al. 1998 ) has turned out to provide valuable information on the structure, kinematics and evolution of Be star circumstellar disks in the galaxy (Hummel & Hanuschik 1997) .
The young open cluster NGC 330 in the SMC became a matter of interest, because of its high number fraction of Be stars (Be / (Be+B) 50% ; Feast 1972) 
and its low metallicity
Send offprint requests to: W. Hummel Based on observations collected during the commissioning 1 of FORS1 at ESO, VLT observatory, Paranal, Chile Correspondence to: hummel@bigbang.usm.uni-muenchen.de of Z = 0.005 (e.g. Hill 1999) . Comparison between galactic Be stars and Be stars in the field of NGC 330 could play a key role in constraining the conditions for the Be phenomenon in general. Recently Grebel et al. (1992) , Grebel (1995) and Keller et al. (1999) identified Be stars in NGC 330 by CCD imaging photometry using a Hα interference filter. Spectroscopic analyses of the brightest Be stars in NGC 330 with V < 15.
m 8 have been presented by Mazzali et al. (1996) and Keller & Bessell (1998) .
In this study we present low resolution spectra of 20 photometrically identified Be stars in the field of NGC 330 with magnitudes down to V = 18. m 9. The scientific aim is -to verify photometrically identified Be stars by spectroscopy -to classify Hα emission profile shapes -and to determine stellar parameters
Observations and data reduction
The spectroscopic observations were collected in two nights with FORS1 in MOS mode at Antu on Paranal during commissioning 1. We collected photometrically identified Be stars from the list of Grebel (1995) and selected those Be stars for which a suitable MOS setup could be achieved. Magnitudes in the Vband range between 14-19 mag for the program stars. Since the FORS focal field (6.8 × 6.8 ) is larger than the field used by Grebel (1995) , other resting MOS slits (mostly #14 -#18) were positioned on bright point sources for further instrument alignment tests. Spectra have been collected for more than 19 objects in each MOS focal field setup. The spectra of all targets have been considered, but in this study we only report on the results concerning emission line objects and early type stars. The focal field setup and the setup for the telescope was prepared using a preliminary version of the FORS instrumental mask simulator. The nominal pointing was RA = 00:56:19.043, DEC = −72:27:59.81 for both instrument setups. Up to 7 reference stars were used to align the telescope pointing to the correct position. The optical distortion model of FORS1 was only applied to the first observation with a rotator angle of 0
• , while it failed in our second run when testing alignments with L32 W. Hummel et al.: A spectroscopic study of Be stars in the SMC cluster NGC 330 a rotator angle of 90
• . Therefore stellar point sources were not exactly at the MOS slit center on our second night, in particular for slit positions at a large distance from the optical axis.
For the science and calibration exposures a common slit width of 1 arcsec is chosen for all MOS slits corresponding to 5 CCD pixels using the standard resolution collimator. This corresponds to ∆λ = 5.3Å. The wavelength range cover 3 600Å < λ < 7 200Å for most of the targets. The exposure time was unique for all MOS slits. Each of the 19 MOS slits was 22 arcsec long, providing sufficient sky background. Some slits were occupied with two or more targets. The log of observations is given in Table 1 .
The data reduction was performed using the MOS package as part of the ESO-MIDAS. The MOS standard reduction includes the subtraction of bias, normalized flat field correction, wavelength calibration, interactive specification of the sky background area in each MOS slit, flux calibration with the help of standard stars also obtained during commissioning 1, and correction for the heliocentric velocity.
Results

Astrometry
As with all frames obtained during commissioning 1 our preparation image also suffered from a numerical truncation error with regard to the astrometric scale. We therefore compared the scale of our preparation image with scales of frames obtained during commissioning 2 and we have chosen a mean value of 5.546 ×10 −5 • /pixel. The offset has been determined by comparing the optical positions with targets from the catalog of astrometric standards by Tucholke (1996) . The mean position error is less than the seeing of 0.8 . The optical image distortion model of FORS1 is given by: ∆R = 3.458(−4)R − 1.178(−6)R 2 + 2.050(−9)R
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( 1) for the standard resolution collimator and
for the high resolution collimator where R is the observed distance in CCD-pixels from the optical axis, ∆R is the correction term in pixel units and 2.050(−9) stands for 2.050 × 10 −9 . This correction (Eq. 1) has been taken into account by subtracting ∆R from R. The preparation image was observed at a zenith distance of z 52
• , hence differential refraction amounted to less than 1 pixel at the rim of the image and was not corrected. Target coordinates are given in Table 2 .
Hα spectroscopy
Target spectra of Hα are given in Fig. 1a -e and emission line parameters are summarized in Table 2 . Among the 20 selected Be stars of Grebel (1995) 18 are confirmed to be emission line objects with an underlying early-type spectrum (see e.g. Figs. 3,4) (Allen & Swings 1976) . Two of the fainter targets (Be108 and Be111) lack emission in Hα although they have been identified as Be stars with larger (R-Hα) index than e.g. Be115 by Grebel (1995) . Two targets have been observed twice (Be 68 and Be55) and no variability was detected on the timescale of weeks.
Two new Be stars (F1 and F2) have been detected in the field of NGC 330. F1 is out of the field studied by Grebel (1995) and appears at the southern rim of Keller et al. (1999) . F2 is close to Be103 and has not been identified as an Hα emission line object by Keller et al. (1999) or Grebel (1995) .
Hα emission strengths and line shapes are very similar to those of galactic Be stars, in particular when compared with surveys of similar spectroscopic resolution (e.g. Dachs et al. 1986) . A simple preliminary classification is given in Table 2 .
Measured FWHM of Hα emission range from 630 km s Hα emission equivalent widths are therefore considered to be lower limits.
Radial velocities
We derived a mean value of the Hα radial emission peak velocity using the V V values from Table 2 of those stars indicated as 's' but also included the mean value of the symmetric double peaks from Be68 (2 times) and Be78. We find V α = +176 km s −1 with σ α = 28 km s −1 . This value is slightly larger than the systemic radial velocity of NGC 330 V 330 = +146 km s −1 (Feast & Black 1980) .
The peculiar emission line object Bal 224
Bal 224 is known to be photometrically variable in the V-band (Balona 1992; Sebo & Wood 1994) . The spectrum of Bal 224 shows only three strong Balmer lines in emission ( Fig. 1f ) with an extremely steep decrement of Hα/Hβ=7.1 and Hγ/Hβ=0.21, but the faint continuum is flat and featureless. From the steep Balmer decrement and the lack of He i emission we suggest a cool gas with T 5 000 K. The asymmetric double peaks most probably originate from an accretion disk. However a reinvestigation is required to clarify the nature of this object.
Quantitative spectral analysis of Be40 and Be59
Though the observations suffer from low resolution and low S/N we fit model atmospheres to several He i and Balmer absorption lines. The lack of He ii absorption lines in the observations is consistent with spectral types later than B2, the lack of Mg ii indicates a spectral type earlier than B8 (Steele et al. 1999) . For the profile fits we follow mostly the method described by Becker & Butler (1990) but use the extended model atmosphere grid of Vrancken et al. (1996) to construct the lines of constant equivalent width in the log g − T eff diagram. Since there are no He ii profiles which can be used to constrain the stellar parameters we additionally calculate χ 2 for each model profile fit as a cross-check. For Be40 only Hδ is affected by fill-in emission, hence H is used for the model constraint (Fig. 2) . For Be59 both Hδ and H are affected by fill-in emission (Fig. 4) , hence only the wings of the Balmer absorption lines have been used to constrain the model fit. The difference between model fit and observation is given as net emission in Figs. 3 and 4 . The best-fit model parameters of both stars are given in Table 3 .
Conclusions
The Hα emission line parameter statistics of our sample agrees with that of Keller & Bessell (1998) but differs in two ways from that of Mazzali et al. (1996) . We find no correlation between the FWHM and the equivalent width of Hα emission lines (see Table 2 ). The second observational fact is that there are indeed double peak Hα emission lines in NGC 330 with equivalent widths ranging from very small (Be64) up to 24Å (Be78). In particular the first finding is difficult to explain for a sample of Be star disks with aligned rotation axes as proposed by Mazzali et al. (1996) . Since the Hα emission equivalent width mostly reflects the size of the circumstellar disk, the lower mean kinematical broadening in large Keplerian disks would result in lower FWHM for stronger Hα lines if v sin i is kept constant (e.g. Hanuschik 1988, his Fig. 1a ). This relation is not found in our sample, hence we conclude that v sin i is not a constant, rather the rotation axis of Be stars in NGC 330 are distributed randomly. Our findings fully confirm the results of Keller & Bessell (1998) who came to the same conclusion.
